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General  
1H NMR and 13C NMR spectra were recorded on Bruker Spectrospin Avance DPX 400 spectrometer 
using CDCl3 as the solvent. Chemical shifts values are reported in ppm from tetramethylsilane as 
internal standard. Spin multiplicities are reported as the following: s (singlet), d (doublet), m 
(multiplet). HRMS data were acquired on an Agilent Technologies 6530 Accurate-Mass Q-TOF LC/MS. 
UV-Vis Absorption spectra were taken on a Varian Cary-100 and Varian Cary 5000 UV-VIS-NIR 
absorption spectrophotometer. Fluorescence measurements were done on a Varian Eclipse 
spectrofluometer. Spectrophotometric grade solvents were used for spectroscopy experiments.Flash 
column chromatography (FCC) was performed by using glass columns with a flash grade silica gel 
(Merck Silica Gel 60 (40–63 µm)). Reactions were monitored by thin layer chromatography (TLC) 
using precoated silica gel plates (Merck Silica Gel PF-254), visualized by UV-Vis light and DNP stains as 
appropriate. All organic extracts were dehydrated over anhydrous Na2SO4 and concentrated by using 
rotary evaporator before being subjected to FCC. All other chemicals and solvents were supplied 
from commercial sources and used as received.  
Conversion yield for PS1: PS1 (0.029g, 15.4 µmol) was dissolved DMSO: 1X PBS (50:50, v/v, pH: 7.4) 
and 50equiv. of GSH was added to reaction mixture which was mixed at room temperature for 
30min. Then, crude mixture was separated by FCC by using DCM: MeOH (95:5) as the eluent. 
Remained PS1 (14 mg) and Bodipy 6 (11 mg) were collected and conversion yield of the reaction was 
calculated as 83.6%.  
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General Reaction Scheme 
 
 
Synthesis of the Photosensitizers  
Synthesis of 4,4-difluoro-1,3,5,7-tetramethyl-8-(4-hydroxyphenyl)-4-bora-3a,4a-diaza-s-
indacene(1) 
 
Two drops of trifluoroacetic acid was added to the solution of 4-hydroxy benzaldehyde (0.75g, 6.0 
mmol) and 2,4-dimethylpyrrole ( 1.17g, 12.3 mmol) in 300 mL Ar-deaerrated dichloromethane 
(DCM). The reaction mixture was stirred at room temperature for 1 day. The stirring continued for 
further 2 hours after the addition of p-Chloranil (0.77 g, 6.0 mmol) in one portion.  Triethyl amine (5 
mL) was added dropwise to the reaction mixture which was allowed to stir 30 min at room 
temperature. BF3.OEt2 (5 mL) was added dropwise to the reaction mixture which was allowed to stir 
at room temperature for 30 min. The resulting solution was extracted with water (3x100 mL) and 
combined organic phases were dried over anhydrous Na2SO4. After removal of the solvent, the 
residue was purified by silica gel flash column chromatography using DCM as the eluent. Compound 
1 was obtained as orange-Red solid (0.65 g, 32 %).  
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1H NMR (400 MHz, CDCl3) δ 7.14 (d, J= 8.58 Hz, 2H), 6.96 (d, J= 8.56 Hz, 2H), 5.99 (s, 2H), 2.57 (s, 6H), 
1.46 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 156.3, 155.3, 143.1, 132.0, 131.6, 129.3, 127.1, 121.1, 
116.1, 14.5. 
MS (TOF-ESI): m/z: Calcd: 338.1558 [M-H]-, Found: 338.1493 [M-H]-, ∆= 8.71ppm. 
 
Synthesis of 2,6-Dibromo-4,4-difluoro-1,3,5,7-tetramethyl-8-(4-hydroxyphenyl)-4-bora-3a,4a-
diaza-s-indacene (3) 
 
Compound 1 (0.060 g, 0.176 mmol) was dissolved in 20 mL mixture (DMF/DCM, 1:1, v/v). Then, N-
Bromosuccinimide (0.066 g, 0.37 mmol) dissolved in DCM (10 mL) was added dropwise to reaction 
mixture at room temperature. The progress of the reaction was monitored by TLC. When TLC showed 
no starting material, the reaction was extracted with water (3x100 mL) and combined organic phases 
were dried over anhydrous Na2SO4. After removal of the solvent, the residue was purified by silica gel 
flash column chromatography using Acetone/ Hexane (1:4, v/v) as the eluent. Compound 3 was 
obtained as red solid (0.084 g, 95%).  
1H NMR (400 MHz, CDCl3): δH   7.13 (d, J = 8.69 Hz, 2H), 7.00 (d, J = 8.61 Hz, 2H), 5.18 (s, H, OH), 2.62 
(s, 6H), 1.47 (s, 6H). 13C NMR (100 MHz, CDCl3): δC 157.3, 152.5, 139.9, 130.0 128.1, 124.1, 115.3, 
110.6 12.8, 12.5 ppm.  
MS (TOF- ESI): m/z: Calcd for C19H17BBr2F2N2O: 493.9769 [M-H]
- , Found: 493.9713 [M-H]- , Δ=3.87 
ppm.  
 
Synthesis of Distyryl Bodipy (6) 
 
3,4,5-tris(2-(2-(2-methoxyethoxy)ethoxy)benzaldehyde (0.233 g, 0.393 mmol) was added to a 
solution of compound 3 (0.093 g, 0.187 mmol) in 25 mL of benzene containing piperidine (0.2mL) and 
acetateic acid (0.2mL). Mixture was refluxed until all the starting material was consumed and the 
progress of the reaction was monitored by TLC using DCM:MeOH (95:5) as the eluent. At the end of 
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the reaction, crude product was concentrated and subjected to silica gel FCC using DCM:MeOH (95:5) 
as the eluent. Compound 6 was obtained as a green waxy solid (0.130 g, 42 %). 
1H NMR (400 MHz, CDCl3): δH 7.80 (d, J = 16.5 Hz, 2H), 7.35 (d, J = 16.5 Hz, 2H), 6.99 (d, J = 8.3 Hz, 2H), 
6.84 (d, J = 8.3 Hz, 2H), 6.74 (s, 4H), 4.12 (t, J = 4.95 Hz, 12H), 3.78 (t, J = 4.94 Hz, 8H), 3.73 (t, J = 5.03 
Hz ,4H), 3.64 – 3.67 (m, 12H), 3.53 – 3.60 (m, 24H), 3.42-3.49 (m, 12H), 3.30 (s, 6H), 3.26 (s, 12H), 
1.31 (s, 6H). 13C NMR (100 MHz, CDCl3): δC 157.8, 152.8, 147.7, 141.2, 140.5, 140.0, 138.5, 132.8, 
132.4, 129.6, 117.3, 116.4, 110.3, 107.5, 72.5, 71.9, 71.8, 70.7, 70.6, 70.5, 69.7, 69.0, 14.0 ppm. 
 MS (TOF- ESI): m/z: Calcd for C75H109BBr2F2N2O25: 1642.5747 [M-H]
-, Found: 1642.5585 [M-H]- , 
Δ=9.86 ppm.   
 
Synthesis of the target PS (1)  
 
Dry triethyl amine (0.1 mL, 0.72 mmol) was added to a solution of compound 6 (0.40 g, 0.24 mmol) 
dissolved in dry THF (30 mL) and the reaction mixture was stirred at room temperature for 30min.    
2, 4-dinitrobenzenesulfonyl chloride (0.160 g, 0.6 mmol) dissolved in dry THF (5 mL) was added 
dropwise to reaction mixture containing catalytic amount of DMAP at 0 °C and the mixture was left to 
stir at room temperature overnight. The progress of the reaction was monitored by TLC (DCM/ 
MeOH, 95:5, v/v). When the starting material was consumed, crude product was concentrated and 
subjected to silica gel FCC using (DCM/ MeOH, 95:5, v/v) as the eluent. PS1 was obtained as a green 
waxy solid (0.274 g, 60 %).  
1H NMR (400 MHz, CDCl3): H  8.71 (d, J= 2.1 Hz, 1H), 8.57 (dd, J = 8.6, 2.2 Hz, 1H), 8.26 (d, J = 8.6 Hz, 
1H), 7.98 (d, J = 16.5 Hz, 2H), 7.50-7.38 (m, 6H), 6.86 (s, 4H), 4.21 (m, 12H), 3.87 – 3.80 (m, 12H), 3.75 
– 3.72 (m, 12H), 3.66 – 3.61 (m, 25H), 3.57 – 3.51 (m, 12H), 3.39 (s, 5H), 3.36 (s, 12H), 1.38 (s, 6H).  
13C NMR (100 MHz, CDCl3): C 152.90, 151.16, 149.54, 148.97, 140.46, 140.09, 136.56, 135.01, 133.77, 
133.28, 132.09, 131.95, 130.69, 126.44, 123.34, 120.52, 116.98, 107.79, 72.51, 71.95, 71.91, 70.80, 
70.68, 70.66, 70.57, 70.53, 70.52, 69.71, 69.09, 59.0, 58.99, 14.02 ppm.  
MS (TOF- ESI): m/z: Calcd for C81H111BBr2F2N4O31S: 1872.53444 [M-H]
-, Found: 1872.54811 [M-H]- , 
Δ=-7.3 ppm.   
 
Synthesis of 4,4-difluoro-1,3,5,7-tetramethyl-8-(2-hydroxyphenyl)-4-bora-3a,4a-diaza-s-indacene 
(2) 
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Two drops of trifluoroacetic acid was added to the solution of 2-hydroxy benzaldehyde (0.75g, 6.0 
mmol) and 2,4-dimethylpyrrole ( 1.17g, 12.3 mmol) in 300 mL Ar-deaerrated dichloromethane 
(DCM). The reaction mixture was stirred at room temperature for 1 day. The stirring continued for 
further 2 hours after the addition of p-Chloranil (0.77 g, 6.0 mmol) in one portion.  Triethyl amine (5 
mL) was added dropwise to the reaction mixture which was allowed to stir 30 min at room 
temperature. BF3.OEt2 (5 mL) was added dropwise to the reaction mixture which was allowed to stir 
at room temperature for 30 min. The resulting solution was extracted with water (3x100 mL) and 
combined organic phases were dried over anhydrous Na2SO4. After removal of the solvent, the 
residue was purified by silica gel flash column chromatography using DCM as the eluent. Compound 
2 was obtained as orange-red solid (0.51 g, 25%). 
1H NMR (400 MHz, CDCl3): H 7.40 (t, J= 7.75 Hz, 1H), 7.14 (d, J= 7.4 Hz, 1H), 7.08 (t, J= 7.4 Hz, 1H), 
7.04 (d, J= 8.2 Hz, 1H), 6.02 (s, 2H), 2.58 (s, 6H), 1.53 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 156.4, 
152.2, 143.2, 135.0, 131.1, 129.1, 121.7, 121.6, 120.8, 14.6, 13.7 ppm.  
MS (TOF- ESI): m/z: Calcd for C19H19BF2N2O: 338.1558 [M-H]
-, Found: 338.1523 [M-H]-, Δ=0.1 ppm. 
 
 
 
Synthesis of 2,6-Dibromo-4,4-difluoro-1,3,5,7-tetramethyl-8-(2-hydroxyphenyl)-4-bora-3a,4a-
diaza-s-indacene (4) 
 
Compound 2 (0.060 g, 0.176 mmol) was dissolved in 20 mL mixture (DMF/DCM, 1:1, v/v). Then, N-
Bromosuccinimide (0.066 g, 0.37 mmol) dissolved in DCM (10 mL) was added dropwise to reaction 
mixture at room temperature. The progress of the reaction was monitored by TLC. When TLC showed 
no starting material, the reaction was extracted with water (3x100 mL) and combined organic phases 
were dried over anhydrous Na2SO4. After removal of the solvent, the residue was purified by silica gel 
flash column chromatography using EtOAc/ Hexane (1:6, v/v) as the eluent. Compound 4 was 
obtained as red solid was obtained (0.031 g, 35%).  
1H NMR (400 MHz, CDCl3): δH 7.45 (m, 1H), 7.11 (d, J= 4.3 Hz, 2H), 7.04 (d, J= 8.3 Hz, 1H), 4.96 (s, 1H, 
OH), 2.63 (s, 6H), 1.53 (s, 6H). 13C NMR (100 MHz, CDCl3): δC 131.6, 129.0, 122.0, 120.6, 116.8, 13.7, 
13.0 ppm.  
MS (TOF- ESI): m/z: Calcd for C19H17BBr2F2N2O: 493.9769 [M-H]
- , Found: 493.9772 [M-H]- , Δ=5.47 
ppm.  
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Synthesis of Distyryl Bodipy (7) 
 
3,4,5-tris(2-(2-(2-methoxyethoxy)ethoxy)benzaldehyde (0.240 g, 0.405 mmo) was added to a solution 
of compound 4 (0.096 g, 0.193 mmol) in 25 mL of benzene containing piperidine (0.2mL) and 
acetateic acid (0.2mL). Mixture was refluxed until all the starting material was consumed and the 
progress of the reaction was monitored by TLC using DCM:MeOH (95:5) as the eluent. At the end of 
the reaction, crude product was concentrated and subjected to silica gel FCC using DCM:MeOH (95:5) 
as the eluent. Compound 7 was obtained as a green waxy solid (0.134 g, 41 %). 
 1H NMR (400 MHz, CDCl3): δH 7.95 (d, J = 16.5 Hz, 2H), 7.31 (m, 3H), 6.97 (m, 3H), 6.87 (s, 4H), 4.25 (t, 
J= 4.7 Hz, 8H), 4.19 (t, J=4.9 Hz, 4H), 3.88 (t, J= 4.8 Hz, 8H), 3.80 (t, J= 5.0 Hz, 4H), 3.72-3.75 (m, 12H), 
3.68 – 3.61 (m, 24H), 3.56-3.51 (m, 12H), 3.38 (s, 6H), 3.35 (s, 12H), 1.26 (s, 6H, CH3). 
13C NMR (100 
MHz, CDCl3): δC 153.1, 152.7, 148.0, 141.2, 140.2, 139.2, 132.6, 132.0, 132.0, 121.2, 120.8, 120.82, 
116.9, 116.6, 110.5, 107.7,107.7, 71.9, 70.8, 70.6, 70.5, 70.3, 69.7, 69.0, 98.0,58.9, 12.8 ppm.  
MS (TOF- ESI): m/z: Calcd for C75H109BBr2F2N2O25: 1642.5747 [M-H]
-, Found: 1642.5604 [M-H]- , 
Δ=8.72 ppm.  
 
Synthesis of the target PS 2  
 
Dry triethyl amine (0.072 mL, 0.52 mmol) was added to a solution of compound 7 (0.230 g, 0.14 
mmol) dissolved in dry THF (30 mL) and the reaction mixture were stirred at room temperature for 
30min.    2, 4-dinitrobenzenesulfonyl chloride (0.093 g, 0.35 mmol) dissolved in dry THF (5 mL) was 
added dropwise to reaction mixture containing catalytic amount of DMAP at 0 °C and the mixture 
was left to stir at room temperature overnight.  The progress of the reaction was monitored by TLC 
(DCM/ MeOH, 95:5, v/v). When the starting material was consumed, crude product was 
concentrated and subjected to silica gel FCC using (DCM/ MeOH, 95:5, v/v) as the eluent. PS2 was 
obtained as a green waxy solid (0.130 g, 35 %).  
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1H NMR (400 MHz, CDCl3): H 8.60 (s, 1H), 8.34- 8.24 (m, 1H), 7.95 (d, J= 16.2 Hz, 2H), 7.79- 7.65 (m, 
2H), 7.55 (t, J= 7.5 Hz, 1H), 7.44 (d, J= 16.3 Hz, 1H), 7.35 (d, J= 7.5 Hz, 1H), 7.25 (d, J= 17.4 Hz, 2H), 
6.85 (s, 4H), 4.26-4.22 (m, 12H), 3.90-3.86 (m, 8H), 3.85-3.82 (m, 4H), 3.75 (m, 12H), 3.67- 3.63 (m, 
24H), 3.57- 3.53 (m, 12H), 3.39 (s, 6H), 3.36 (s, 12H), 1.5 (s, 6H). 13C NMR (100 MHz, CDCl3): C 152.9, 
152.89, 152.88, 150.2, 149.0, 147.7, 147.5, 141.0, 140.6, 134.3, 132.1, 131.9, 130.9, 128.6, 127.2, 
126.0, 125.3, 121.5, 107.8, 72.54, 72.51, 71.96, 71.93, 70.8, 70.69, 70.68, 70.59, 70.54, 70.53, 69.7, 
69.1, 69.0, 59.0, 58.9, 13.7, 13.5 ppm. 
MS (TOF- ESI): m/z: Calcd for C81H111BBr2F2N4O31S: 1872.53444 [M-H]
-, Found: 1872.55020 [M-H]- , 
Δ=-8.42 ppm.   
 
Synthesis of 2,6-Dibromo-4,4-difluoro-1,3,5,7-tetramethyl-8-(5-bromo-2-hydroxyphenyl)-4-bora-
3a,4a-diaza-s-indacene (5) 
 
Compound 2 (0.060 g, 0.176 mmol) was dissolved in 20 mL mixture (DMF/DCM, 1:1, v/v). Then, N-
Bromosuccinimide (0.066 g, 0.37 mmo) dissolved in DCM (10 mL) was added dropwise to reaction 
mixture at room temperature. The progress of the reaction was monitored by TLC. When TLC showed 
no starting material, the reaction was extracted with water (3x100 mL) and combined organic phases 
were dried over anhydrous Na2SO4. After removal of the solvent, the residue was purified by silica gel 
flash column chromatography using Acetone/ Hexane (1:4, v/v) as the eluent. Compound 5 was 
obtained as red solid was obtained (0.079 g, 90%).  
 1H NMR (400 MHz, CDCl3): δH 7.54 (dd, J= 8.7, 2.4 Hz, 1H), 7.26 (m, 1H), 6.95 (d, J= 8.73 Hz, 1H), 5.68 
(s, 1H, OH), 2.53 (s, 6H), 1.59 (s, 6H). 13C NMR (100 MHz, CDCl3): δC 155.0, 151.7, 140.4, 134.4, 131.5, 
130.2, 122.5, 118.7, 113.5, 112.2, 13.6, 13.2 ppm.  
MS (TOF- ESI): m/z: Calcd for C19H16BBr3F2N2O: 572.8874 [M-H]
- , Found: 572.8837 [M-H]- , Δ=6.45 
ppm. 
 
Synthesis of Distyryl Bodipy (8) 
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3,4,5-tris(2-(2-(2-methoxyethoxy)ethoxy)benzaldehyde (0.433 g, 0.731 mmol) was added to a 
solution of compound 5 (0.20 g, 0.348 mmol)  in 25 mL of benzene containing piperidine (0.2mL) and 
acetateic acid (0.2mL). Mixture was refluxed until all the starting material was consumed and the 
progress of the reaction was monitored by TLC using DCM:MeOH (95:5) as the eluent. At the end of 
the reaction, crude product was concentrated and subjected to silica gel FCC using DCM:MeOH (95:5) 
as the eluent. Compound 8 was obtained as a green waxy solid (0.240 g, 40 %). 
1H NMR (400 MHz, CDCl3): H 7.97 (d, J= 16.5 Hz, 2H), 7.45 (dd, J= 8.8, 2.5 Hz), 7.29 (d, J= 17.0 Hz, 2H), 
7.12 (s, 1H), 6.95 (d, J= 8.8 Hz, 1H), 6.88 (s, 4H), 4.25 (m, 8H), 4.20 (t, J=4.52 Hz, 4H), 3.88 (t, J= 4.82 
Hz, 8H), 3.80 (m, 4H), 3.73 (m, 12H), 3.69 – 3.62 (m, 24H ), 3.57 – 3.51 (m, 12H), 3.38 (s, 6H), 3.34 (s, 
12H), 1.28 (s, 6H). 13C NMR (100 MHz, CDCl3): C 152.7 , 152.5 , 148.2 , 141.0 , 140.3 , 139.5 , 134.3 , 
132.4 , 131.9 , 131.5 , 122.8 , 118.9 , 116.4 , 112.7 , 110.7 , 107.9, 72.4 , 71.9 , 70.8 , 70.6 , 70.53, 
70.51,  69.7 , 69.0 , 58.99, 58.97, 13.1 ppm.  
MS (TOF- ESI): m/z: Calcd for C75H108BBr3F2N2O25: 1720.4852 [M-H]
-, Found: 1720.4714 [M-H]- , 
Δ=8.02 ppm.  
 
 
 
 
 
 
 
Synthesis of the target PS 3 
 
Dry triethylamine (0.1mL, 0.72 mmol) was added to a solution of compound 8 (0.40 g, 0.24 mmol) 
dissolved in dry THF (30 mL) and the reaction mixture were stirred at room temperature for 30min.    
2, 4-dinitrobenzenesulfonyl chloride (0.160 g, 0.6 mmol) dissolved in dry THF (5 mL) was added 
dropwise to reaction mixture containing catalytic amount of DMAP at 0 °C and the mixture was left to 
stir at room temperature overnight. The progress of the reaction was monitored by TLC (DCM/ 
MeOH, 95:5, v/v). When the starting material was consumed, crude product was concentrated and 
subjected to silica gel FCC using DCM/ MeOH (95:5, v/v) as the eluent. PS3 was obtained as a green 
waxy solid (0.274 g, 60 %).  
1H NMR (400 MHz, CDCl3): δH 8.61 (s, 1H), 8.26 (dd, J= 8.7, 2.2 Hz, 1H), 7.96 (d, J= 16.4 Hz, 2H), 7.83 
(dd, J= 8.8, 2.5 Hz, 1H), 7.78 (d, J= 8.5 Hz, 1H), 7.55 – 7.51 (m, 2H), 7.24 (d, J= 16.4 Hz, 2H), 6.85 (s, 
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4H), 4.27 – 4.22 (m, 12H), 3.89 (t, J=4.88 Hz, 8H), 3.84 (t, J= 5.01 Hz, 4H), 3.76 – 3.73 (m, 12H), 3.69 – 
3.62 (m, 24H), 3.58-3.52 (m, 12H), 3.39 (s, 6H), 3.36 (s, 12H), 1.57 (s, 6H). 13C NMR (100 MHz, CDCl3): 
δC  152.9, 150.3, 149.3, 147.3, 146.5, 141.3, 140.8, 134.0, 133.7, 131.8, 130.9, 129.2, 126.8, 116.2, 
107.9, 72.5, 71.9, 70.8, 70.6, 70.59, 70.55, 69.7, 69.1, 59.0, 58.9, 13.8.  
MS (TOF- ESI): m/z: Calcd for C81H110BBr3F2N4O31S: 1951.45223 [M]
-, Found: 1951.46175 [M]- , Δ=-4.89 
ppm.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Synthesis of Photosensitizer 11 
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Synthesis of 4,4-difluoro-1,3,5,7-tetramethyl-8-(p-methoxyphenyl)-4-bora-3a,4a-diaza-s-
indacene (9) 
 
Two drops of trifluoroacetic acid was added to the solution of 4-methoxy benzaldehyde (1.0 g, 7.3 
mmol) and 2,4-dimethylpyrrole ( 1.54 g, 16.1 mmol) in 300 mL Ar-deaerrated dichloromethane 
(DCM). The reaction mixture was stirred at room temperature for overnight. The stirring continued 
for further 2 hours after the addition of p-Chloranil (1.8 g, 7.3 mmol) in one portion.  Triethyl amine 
(5 mL) was added dropwise to the reaction mixture which was allowed to stir 30 min at room 
temperature. BF3.OEt2 (5 mL) was added dropwise to the reaction mixture which was allowed to stir 
at room temperature for 30 min. The resulting solution was extracted with water (3x100 mL) and 
combined organic phases were dried over anhydrous Na2SO4. After removal of the solvent, the 
residue was purified by silica gel flash column chromatography using DCM: Hexane (1:1, v/v)as the 
eluent. Compound 9 was obtained as orange-red solid (0.85 g, 33%). 
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1H NMR (400 MHz, CDCl3): δH 7.20 (d, J= 8.47 Hz, 2H), 7.03 (d, J= 8.47 Hz, 2H), 6.00 (s, 2H), 3.90 (s, 
3H), 2.57 (s, 6H), 1.45 (s, 6H). 13C NMR (100 MHz, CDCl3): δC 160.1, 129.2, 127.9, 123.1, 121.1, 116.5, 
114.5, 57.0, 55.3, 29.6, 14.5 ppm.  
MS (TOF- ESI): m/z: Calcd for C20H21BF2N2O: [M-H]
-: 352.16786, Found: [M-H]- : 352.16578, Δ=5.89 
ppm. 
 
Synthesis of 2,6-Dibromo-4,4-difluoro-1,3,5,7-tetramethyl-8-(p-methoxyphenyl)-4-bora-3a,4a-
diaza-s-indacene (10) 
 
Compound 9 (0.087 g, 0.246 mmol) was dissolved in 20 mL mixture (DMF/DCM, 1:1, v/v). Then, N-
Bromosuccinimide (0.105 g, 0.59 mmol) dissolved in DCM (10 mL) was added dropwise to reaction 
mixture at room temperature. The progress of the reaction was monitored by TLC. When TLC showed 
no starting material, the reaction was extracted with water (3x100 mL) and combined organic phases 
were dried over anhydrous Na2SO4. After removal of the solvent, the residue was purified by silica gel 
flash column chromatography using ADCM/ Hexane (1:1, v/v) as the eluent. Compound 10 was 
obtained as red solid (0.0122 g, 97%).  
1H NMR (400 MHz, CDCl3): δH  7.17 (d, J = 8.41 Hz, 2H), 7.05 (d, J = 8.41 Hz, 2H), 3.92 (s, 3H), 2.62 (s, 
6H), 1.45 (s, 6H).  13C NMR (100 MHz, CDCl3): δC 160.5, 153.7, 140.6, 129.1, 126.3, 114.8, 55.3, 13.8, 
13.6 ppm.  
MS (TOF- ESI): m/z: Calcd for C20H19BBr2F2N2O: [M-H]
-: 507.98888 , Found: [M-H]- : 507.98641, Δ= 4.86 
ppm. 
 
Synthesis of Distyryl Bodipy (11) 
 
3,4,5-tris(2-(2-(2-methoxyethoxy)ethoxy)benzaldehyde (0.364 g, 0.711 mmol) was added to a 
solution of compound 10 (0.125 g, 0.244 mmol)  in 25 mL of benzene containing piperidine (0.2mL) 
and acetateic acid (0.2mL). Mixture was refluxed until all the starting material was consumed and the 
progress of the reaction was monitored by TLC using DCM:MeOH (95:5) as the eluent. At the end of 
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the reaction, crude product was concentrated and subjected to silica gel FCC using DCM:MeOH (95:5) 
as the eluent. Compound 11 was obtained as a green waxy solid (0.273 g, 67 %). 
1H NMR (400 MHz, CDCl3): H 7.96 (d, J= 16.5 Hz, 2H), 7.50 (d, J= 16.5 Hz, 2H), 7.20 (d, J= 8.7 Hz, 2H), 
7.07 (d, J= 8.7 Hz, 2H), 6.87 (s, 4H), 4.24-4.19 (m, 12H), 3.92 (s, 3H), 3.88 (t, J= 4.82 Hz, 8H), 3.80 (m, 
4H), 3.73 (m, 12H), 3.69 – 3.62 (m, 24H ), 3.57 – 3.51 (m, 12H), 3.39 (s, 6H), 3.37 (s, 12H), 1.50 (s, 6H). 
13C NMR (100 MHz, CDCl3): C  165.1, 160.6, 154.1, 152.8 , 149.8, 143.9, 141.2, 141.0 , 140.2 , 139.8 , 
139.3, 136.9, 132.6 , 132.3 , 129.5 , 126.7 , 117.6 , 117.2 , 115.8, 114.8, 112.2, 109.0, 107.7, 71.9 , 
70.8 , 70.69 , 70.67, 70.58, 70.54,  69.7 , 69.0 , 58.98, 55.41, 14.0 ppm.  
MS (TOF- ESI): m/z: Calcd for C76H111BBr2F2N2O25: [M-H]
- : 1656.58673, Found: [M-H]- : 1656.57938, Δ= 
4.44ppm.  
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Absorbance and Fluorescence Spectra  
.  
 
 
Figure S1. Absorption spectra of PS 2 (20 μM) upon addition of 50 eq. of GSH in DMSO: 1X PBS 
(50:50, v/v, pH: 7.4, 25 °C) was recorded for 30min. 
 
 
 
 
 
Figure S2. Fluorescence spectra of PS 2 (4 μM) upon addition of 50 eq. GSH in DMSO: 1X PBS (50:50, 
v/v, pH: 7.4, λex 655 nm at 25 °C) was recorded for 30min. 
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Figure S3. Absorption spectra of PS 3 (10 μM) upon addition of 50 eq. of GSH in DMSO: 1X PBS 
(50:50, v/v, pH: 7.4, 25 °C) was recorded for 30min. 
 
 
 
 
 
Figure S4. Fluorescence spectra of PS 3 (4 μM) upon addition of 50 eq. GSH in DMSO: 1X PBS (50:50, 
v/v, pH: 7.4, λex 655 nm at 25 °C) was recorded for 30min. 
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Singlet Oxygen Measurements 
1O2 dependent degradation of water soluble trap, 2,2'-(anthracene-9,10 diylbis(methylene)dimalonic 
acid in the presence of photosensitizers (4 µM) in DMSO: 1X PBS (50:50, v/v, pH: 7.4) was studied to 
prove the photodynamic activity since the absorption of trap molecule decreases via reaction with 
singlet oxygen. Prior to irradiation at 660 nm, solutions were incubated in dark for 30min and after 
that rapid degradation of trap molecule starts. 
 
 
Figure S5. Singlet oxygen mediated bleaching of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) in the presence of PS 1 (4 µM) upon addition of 50 eq. of GSH in 
DMSO: 1X PBS (50:50, v/v, pH: 7.4, 25 °C) LED applied at 660 nm for 180 min. 
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Figure S6. Absorbance spectrum of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) at 382 nm with PS 1 (4 µM) upon addition of 50 eq. of GSH in 
DMSO: 1X PBS (50:50, v/v, pH: 7.4, 25 °C) LED applied at 660 nm. 
 
 
 
 
 
 
Figure S7. Singlet oxygen mediated bleaching of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) in the presence of  PS 2 (4 µM) upon addition of 50 eq. of GSH in 
DMSO: 1X PBS (50:50, v/v, pH: 7.4, 25 °C) LED applied at 660 nm for 180 min. 
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Figure S8. Absorbance spectrum of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) at 382 nm with PS 2 (4 µM) upon addition of 50 eq. of GSH in 
DMSO: 1X PBS (50:50, v/v, pH: 7.4, 25 °C) LED applied at 660 nm. 
 
 
 
 
Figure S9. Singlet oxygen mediated bleaching of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) in the presence of  PS 3 (4 µM) upon addition of 50 eq. of GSH in 
DMSO: 1X PBS (50:50, v/v, pH: 7.4, 25 °C) LED applied at 660 nm for 180min. 
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Figure S10. Absorbance spectrum of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) at 382 nm with PS 3 (4 µM) upon addition of 50 eq. of GSH in 
DMSO: 1X PBS (50:50, v/v, pH: 7.4, 25 °C) LED applied at 660 nm. 
 
 
 
 
 
Figure S11. Singlet oxygen mediated bleaching of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) in the presence of  Bodipy 6 (4 µM) in DMSO: 1X PBS (50:50, v/v, 
pH: 7.4, 25 °C) LED applied at 660 nm for 120 min. 
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Figure S12. Absorbance spectrum of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) at 382 nm with Bodipy 6 (4 µM) in DMSO: 1X PBS (50:50, v/v, pH: 
7.4, 25 °C) LED applied at 660 nm. 
 
 
 
 
 
 
 
 
Figure S13. Singlet oxygen mediated bleaching of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid)  in the presence of  Bodipy 7 (4 µM) in DMSO: 1X PBS (50:50, v/v, 
pH: 7.4, 25 °C) LED applied at 660 nm for 120min. 
 
 
 
 
 S20 
 
 
 
Figure S14. Absorbance spectrum of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) at 382 nm with Bodipy 7 (4 µM) in DMSO: 1X PBS (50:50, v/v, pH: 
7.4, 25 °C) LED applied at 660 nm. 
 
 
 
 
Figure S15. Singlet oxygen mediated bleaching of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) in the presence of  Bodipy 8 (4 µM) in DMSO: 1X PBS (50:50, v/v, 
pH: 7.4, 25 °C) LED applied at 660 nm for 90min. 
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Figure S16. Absorbance spectrum of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) at 382 nm with Bodipy 8 (4 µM) in DMSO: 1X PBS (50:50, v/v, pH: 
7.4, 25 °C) LED applied at 660 nm. 
 
 
 
 
 
 
 
 
 
Figure S17.  Singlet oxygen mediated bleaching of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) in the presence of  Bodipy 11 (4 µM) in DMSO: 1X PBS (50:50, v/v, 
pH: 7.4, 25 °C) LED applied at 660 nm for 180min. 
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Figure S18. Absorbance spectrum of trap molecule (2,2'-(Anthracene-9,10-
diyl)bis(methylene)dimalonic acid) at 382 nm with Bodipy 11 (4 µM) in DMSO: 1X PBS (50:50, v/v, pH: 
7.4, 25 °C) LED applied at 660 nm.
 
 
Singlet Oxygen Quantum Yields 
Singlet oxygen quantum yields were calculated according to the literature.
1
 The relative quantum 
yields were calculated with reference to Methylene Blue (MB) in water as 0.52.
2,3
 Quantum yields for 
singlet oxygen generation in DMSO: 1X PBS (50:50, v/v, pH: 7.4) were determined by monitoring the 
photooxidation of trap molecule (2,2'-(Anthracene-9,10-diyl)bis(methylene)dimalonic acid). Firstly, in 
order to have a reference in DMSO: 1X PBS (50:50, v/v, pH: 7.4), singlet oxygen quantum yields of 
Methylene Blue were determined as 0.95. The quantum yields of singlet oxygen generation of the 
photosensitizers were calculated accordingly. 
Oxygen saturated DMSO and 1X PBS (50:50, v/v, pH: 7.4) were obtained by bubbling oxygen for 15 
minutes. The absorbance of trap molecule was adjusted around 1.0 in oxygen saturated solution. Then, 
the photosensitizer (4µM) was added to cuvette and photosentizer’s absorbance was adjusted around 
0.2-0.3 in order to diminish the possibility of singlet oxygen quenching by the dyes. After, taking 
some measurements in dark, we exposed the cuvette to monochromatic light (660nm) at the peak 
absorption wavelength. Absorbance was measured for several times after each irradiation. The 
graphics were plotted as the change in optical density (ΔOD) of trap molecule at 382 nm vs irradiation 
time for each photosensitizer.   
The quantum yields of singlet oxygen generation were calculated by using the following equation:  
Ф(1O2)
bod
=
 Ф(1O2)
MB
 (m
bod
. F
MB
/ m
MB
. F
bod
) 
where superscripts ‘bod’ represents the photosensitizers, Ф(1O2) is the quantum yield of singlet 
oxygen, m is the slope of difference in change in the absorbance of the trap molecule (at 382 nm) with 
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the irradiation time and F is the absorption correction factor, which is given by F=1- 10
-OD 
(OD at the 
irradiation wavelength). 
 
Table 1 : Ф(1O2) values of photosensitizer  
   Photosensitizers Ф(1O2) 
 
BODIPY-6 
BODIPY-7 
BODIPY-8 
BODIPY-11 
  
0.35 
0.40 
0.37 
0.25 
 
MB 
MBH2O 
 0.95 
0.52 
 
 
 
Kinetic Studies 
 
 
Figure S19. Kinetic measurements of PS1-3 upon addition of 50 eqv. of GSH in DMSO: 1X PBS (50:50, 
v/v, pH: 7.4 at 25 °C) λex 655 nm, λem (PS1: 687nm, PS2: 689nm, PS3: 696nm) time interval: 3s). 
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Live Cell Studies 
Cell culture 
HCT116 human colon carcinoma cells (ATCC) were maintained in Dulbecco’s Modified Eagle’s 
Medium (DMEM) (Invitrogen GIBCO), with 10% fetal bovine serum (FBS) (Invitrogen GIBCO), 2 mM L-
glutamine, 0.1 mM nonessential amino acids, 100 units/mL penicillin and 100 g/mL streptomycin and 
MRC-5 human fetal lung fibroblast cells (ATCC) were maintained in Mininum Essential Medium 
(MEM) (Invitrogen GIBCO), with 10% fetal bovine serum (FBS) (Invitrogen GIBCO), 2 mM L-glutamine, 
100 units/mL penicillin and 100 g/mL streptomycin  at 37 ˚C in a humidified incubator under 5% CO2. 
 
Sulforhodamine B assay 
Cells were plated in 96-well plates (2000cell/well in 150 µL) and grown for 24 h at 37 ˚C prior to 
treatment with different concentrations of sensitizers and negative control (0.25-0.0005 µM for 
sensitizers 1, 2 and 3; 5.0-0.06 µM for BODIPYs dissolved in DMSO).  After 72 h of incubation, the 
medium was aspirated, washed once with 1X PBS (Gibco, Invitrogen), followed by addition of 50µL of 
a cold (4˚C) solution of 10% (v/v) trichloroacetic acid (MERCK) for fixation. Then plates were washed 
five times with dd-H2O and were left to air-dry. 50 µL of a 0.4% (m/v) of sulforhodamine (Sigma–
Aldrich) in 1% acetic acid solution were then added to each well and left at room temperature for 10 
min. The sulforhodamine B (SRB) solution was removed and the plates were washed five times with 
1% acetic acid and left for air-drying. Protein Bound sulforhodamine B was solubilized in a 200 µL 10 
mM Tris-base solution and the plates were shaken for 10 min on a plate shaker before the 
measurement of absorbance. The absorbance was read in a 96-well plate reader at 515 nm. Cells 
incubated in DMSO alone were used as controls for percent inhibition and IC50 calculations either in 
irradiated plate (for 4 h) or the plate kept in dark. Percent inhibition (%) values were calculated with 
the given formula: (1-(average (OD of treated wells)/average (OD of DMSO treated cells)) X 100). 
 
Detection of Apoptosis 
Cells were seeded onto coverslips in 6-well plates. After 24 hours in culture, cells were treated with 
sensitizer 1 (40nM/well).  One group was irradiated with red LED at 625 nm for 4 hours and kept 20 
hours in dark. Another group was incubated in dark for 24 hours. Apoptosis was determined with 
Annexin-V-Fluos (Roche) staining together with Hoechst-33258 (Sigma-Aldrich) counterstaining that 
shows the nuclear condensation. Cells were washed twice with ice-cold 1X PBS. Hoechts-33258 
staining was performed by 1µg/ml (final concentration) in each well followed by incubation for 10 
minutes in dark. Cells were destained with 1X PBS for 5 minutes. Then Annexin-V-Fluos staining was 
carried out according to the manufacturer’s recommendations (Roche). Slides were then analyzed 
under the fluorescence microscope (Nikon Eclipse 50i).  
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Flow Cytometry for Cell Cycle Analysis 
Cells were seeded onto 100 mm culture dishes and grown in culture. After 24 hours, cells were 
treated with sensitizer 1 (40nM/well), DMSO, or NC. One gorup was irradiated with red LED at 625 
nm for 4 hours and kept in dark for the rest of 20 hours. Another group was incubated in dark for 24 
hours. Cells were fixed with ice-cold 70% ethanol for 3 hours at -20°C. Cell cycle analysis was carried 
out by PI (Propidium Iodide) staining using MUSE Cell Analyzer according to the manufacturer’s 
recommendations (Millipore). 
 
 
 
Figure S20: Histograms of cell cycle analysis of sensitizer 1, NC treated HCT116 cells. Cells were 
treated with IC100 values of sensitizer 1 and its control, NC for 24 hours. Fixed cells were stained 
with propidium iodide (PI) prior to cell cycle analysis. The peaks for G0/G1 and G2/M signify 2N cells 
and 4N cells respectively. Percentages of G1, S, G2/M phases and sub-G1 cells (apoptotic) are given 
for each condition. 
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1
H-NMR and 
13
C-NMR Spectra of the Synthesized Compounds 
 
Figure S21. 1H-NMR Spectrum of Compound 1 
 
 
 
Figure S22. 13C-NMR Spectrum of Compound 1 
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Figure S23. 1H-NMR Spectrum of Compound 3 
 
 
 
Figure S24. 13C-NMR Spectrum of Compound 3 
 
 S28 
 
Figure S25. 1H-NMR Spectrum of Compound 6 
 
 
Figure S26. 13C-NMR Spectrum of Compound 6 
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Figure S27. 1H-NMR Spectrum of PS 1 
 
 
 
Figure S28. 13C-NMR Spectrum of PS 1 
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Figure S29. 1H-NMR Spectrum of Compound 2 
 
 
 
Figure S30. 13C-NMR Spectrum of Compound 2 
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Figure S31. 1H-NMR Spectrum of Compound 4 
 
 
 
Figure S32. 13C-NMR Spectrum of Compound 4 
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Figure S33. 1H-NMR Spectrum of Compound 7 
 
 
 
Figure S34. 13C-NMR Spectrum of Compound 7 
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Figure S35. 1H-NMR Spectrum of PS 2 
 
 
 
 Figure S36. 13C-NMR Spectrum of PS 2 
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Figure S37. 1H-NMR Spectrum of Compound 5 
 
 
 
Figure S38. 13C-NMR Spectrum of Compound 5 
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Figure S39. 1H-NMR Spectrum of Compound 8 
 
 
 
 Figure S40. 13C-NMR Spectrum of Compound 8 
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Figure S41. 1H-NMR Spectrum of PS 3 
 
 
 
Figure S42. 13C-NMR Spectrum of PS 3 
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Figure S43.
1H-NMR Spectrum of compound 9 
 
 
 Figure S44.13C-NMR Spectrum of Compound 9 
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Figure S45.
1H-NMR Spectrum of compound 10 
 
 
 Figure S46.13C-NMR Spectrum of Compound 10 
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 Figure S47.1H-NMR Spectrum of compound 11 
 
 
 Figure S48.13C-NMR Spectrum of Compound 11 
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HRMs Spectra of the Synthesized Compounds 
 
 
Figure S49. HRMs Spectrum of Compound 1 
 
 
Figure S50. HRMs Spectrum of Compound 3 
 
 
Figure S51. HRMs Spectrum of Compound 6 
 S41 
 
Figure S52. HRMs Spectrum of PS 1 
 
 
Figure S53. HRMs Spectrum of Compound 2 
 
 
Figure S54. HRMs Spectrum of Compound 4 
 
 
 S42 
 
Figure S55. HRMs Spectrum of Compound 7 
 
 
Figure S56. HRMs Spectrum of PS 2 
 
 
Figure S57. HRMs Spectrum of Compound 5 
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Figure S58. HRMs Spectrum of Compound 8 
 
 
Figure S59. HRMs Spectrum of PS3 
 
 
Figure S60. HRMs Spectrum of Compound 9 
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Figure S61. HRMs Spectrum of Compound 10 
 
 
Figure S62. HRMs Spectrum of Compound 11 
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